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Abstract
The fruiting bodies of bracket fungi are a specific microhabitat colonized by various 
invertebrates of which mites (Acari) are rarely studied, and if they are, the study is usu-
ally faunistic. The aim of the research was to determine whether the diversification of mite 
assemblages (Mesostigmata, Oribatida) inhabiting the fruiting bodies of Fomitopsis pini-
cola (Sw.) P. Karst. (Polyporales) are connected with the character of the forests and/or the 
degree of decay (DD) of the fruiting bodies. The research was conducted at Białowieża 
National Park (BNP), in forests close to natural ones and in Karkonosze National Park 
(KNP) which was affected by a large-scale forest dieback in the 1980s. Eighty fruiting bod-
ies (40 at each study site) of F. pinicola belonging to four DD categories were collected. 
In total, 4,345 individuals of 120 mite species were recorded at BNP, and 13,912 individu-
als of 96 species were recorded at KNP. Analyses revealed that the sample dispersion at 
each study site was comparable, nevertheless the samples from each study site were clearly 
grouped into slightly overlapping sets which allow observation of the differences between 
them. In the less decayed fungi (DD 1 and 2) there were fewer mite species and individ-
ual mites than in the more decayed samples (DD 3 and 4). There were also significant 
differences between the fauna of the fungi in each particular DD: the fauna of DD 1 dif-
fered from all others, whereas the fauna of heavily decayed fungi (DD 3 and 4) was more 
comparable.
Keywords Microarthropods · Bracket fungi · Fruiting bodies · Natural forest · 
Anthropopressure
Introduction
Bracket fungi play a crucial role in the forest environment, they decompose wood and con-
tribute to the effective processing of energy and matter flow in ecosystems (Niemelä 2013). 
Generally, the presence of these pathogens is undesirable in managed forests, as it gener-
ates significant economic losses, in the broader environmental perspective they contribute 
to a greater biological diversity (e.g., Lonsdale et al. 2008).
 * Dariusz J. Gwiazdowicz 
 dariusz.gwiazdowicz@up.poznan.pl
Extended author information available on the last page of the article
544 Experimental and Applied Acarology (2021) 84:543–564
1 3
Bracket fungi create a specific microhabitat, i.e., wood decay, inhabited by numerous 
species representing many animal groups, starting with the invertebrates (Ehnström 2001; 
Evans et  al. 2003; Kappes and Topp 2004), including mites (Skubała and Duras 2008; 
Gwiazdowicz et al. 2011; Huhta et al. 2012), then birds, e.g., woodpeckers (Conner et al. 
1976; McClelland and McClelland 1999; Butler et  al. 2004), and mammals (Suter and 
Schielly 1998; Bowman et al. 2000; Porter et al. 2005). Another, not so well studied, but 
highly unique microhabitat created by bracket fungi is a fruiting body, which has already 
been analysed for the presence of mites (Gwiazdowicz and Łakomy 2002; Maraun et al. 
2014), insects (Jonsell and Nordlander 2004), spiders (Pielou and Pielou 1968), or arthro-
pods in general (Pielou and Verma 1968; O’Connell and Bolger 1997a, b). This microhabi-
tat is characterized by the presence of species which occur solely in the fruiting body of 
bracket fungi, such as mites from the genus Hoploseius (e.g., Walter 1998; Gwiazdowicz 
2002; Mašán and Halliday 2016), e.g., Hoploseius tenuis (Lindquist 1965, 1995) with its 
elongated and narrow body. The research conducted so far (e.g., Walter 1998; Mašán and 
Halliday 2016) has revealed that the fruiting bodies of bracket fungi are inhabited by inver-
tebrates that are characteristic for this microhabitat. Most previous research focused on the 
topic was faunistic in nature; hence, the factors that shape assemblage structure were not 
usually taken into consideration. However, Thunes and Willasen (1997) showed that the 
most significant variable for beetle communities was whether the inhabited fruiting body 
was dead or alive.
The red belt conk, Fomitopsis pinicola (Sw.) P. Karst. (Polyporales), is a widespread 
and a very common species of fungus which occurs worldwide in temperate and boreal 
forests in the Northern Hemisphere (Högberg et al. 1999; Shah et al. 2018). The fungus 
mainly attacks weaker and older trees in forests, parks and gardens, most often conifer-
ous such as spruce (Picea spp.), pine (Pinus spp.) or fir (Abies spp.), and less frequently 
deciduous trees, e.g., birch (Betula spp.) and beech (Fagus spp.). It is known to cause a 
strong and fast-spreading brown rot which generates significant economic losses (Łakomy 
and Kwaśna 2008). Although F. pinicola is usually perceived in terms of losses in forestry 
due to wood depreciation caused by the fungus, it is also analysed from other viewpoints. 
Bače et al. (2012), for instance, analysed the species of fungus and its role in the seedling 
recruitment of logs in Central-European subalpine spruce forests, and also indicated that 
the presence of F. pinicola is negatively related to regeneration densities.
The Białowieża National Park (BNP), chosen for the study, is the largest area of natu-
ral forest in the North European Plain (Gutowski and Jaroszewicz 2004), and its pristine 
features have been well documented (Faliński 1986; Tomiałojć 1991; Jędrzejewska and 
Jędrzejewski 1998). As Białowieża Primeval Forest is located inside BNP, it is similar 
to natural forests, and has been a site for numerous acarological studies focusing on mite 
phoresy on beetles (Gwiazdowicz et al. 2013; Błoszyk et al. 2016), or parasitic Gamasides 
on mammals (Kozłowski and Żukowski 1958). In addition, there are many faunistic pub-
lications about the park (e.g., Rajski 1961; Olszanowski and Błoszyk 1998; Gwiazdowicz 
2000). However, despite numerous acarological studies conducted at BNP, so far only one 
publication has been devoted to the mite presence in the fruiting bodies of bracket fungi in 
the national park (Gdula et al. 2021).
The second area that was analysed, Karkonosze National Park (KNP), constitutes an 
example of an area that has experienced a strong anthropogenic impact, particularly due 
to forest management, settlements, herding, and the exploitation of minerals (Danielewicz 
et al. 2002; Szymura et al. 2010). Among others, events which have had negative conse-
quences for KNP are forest dieback caused by pollution and the accumulation of heavy 
metals in the soil and conifer needles (Sobik and Błaś 2008). The aftermaths of the disaster 
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touched many species ranging from lichens, protozoa (Dąbrowska-Prot 1995), and avifauna 
(Jadczyk 2008). The acarofauna of KNP has been a subject of many studies (e.g., Gwiaz-
dowicz and Biernacik 2000; Gwiazdowicz 2003); however, there are no studies dealing 
with mite assemblages inhabiting fruiting bodies of bracket fungi.
In this research focused on biodiversity in the two types of ecosystems, we tested the 
following hypotheses. (1) There are differences in density and structure of mite communi-
ties inhabiting the fruiting bodies of F. pinicola in the two diverse forest ecosystems: BNP, 
which is considered one of the largest natural forests in the North European Plain, and 
KNP, which is considered to be one of the most degraded forest complexes caused by an 
eco-disaster and acid rain. And (2) the structure of mite assemblages colonizing fruiting 
bodies of F. pinicola varied depending on their degree of decay (DD).
Material and methods
Study area
The Białowieża National Park (BNP) was established in 1947 which makes it the oldest 
Polish national park. BNP is located in the northeast of Poland (52°69′89′′ – 52°81′89 ′′ N, 
23°71′76′′ – 23°93′95′′ E), near the village of Białowieża (Fig. 1). The main task of BNP 
is to protect one of the best-preserved primeval natural deciduous and mixed forests in 
Europe Lowland. In the Białowieża Primeval Forest, where the BNP is located, there are 
27 forest communities with 24 tree species (Sokołowski 2004). The largest part of the BNP 
area (48.7%) is covered with the East-European oak-hornbeam forest Tilio-Carpinetum 
Fig. 1  Location of the study areas (BNP – Białowieża National Park, KNP – Karkonosze National Park)
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(typicum, stachyetosum, caricetosum, circaeaetosum and calamagrostietosum). In the 
park there are also marsh communities: valleys in a primeval forest, which are periodically 
flooded, covered with an ash-alder riparian forest Circaeo-Alnetum (8.4%), whereas peat-
land valleys and marshy interior basins are covered with alder swamp forests Ribeso nigri-
Alnetum or Sphagno squarrosi-Alnetum (5.9%). Moreover, the boreal spruce forest on 
peatland Sphagno girgensohnii-Piceetum (1.6%) and the sub-boreal swampy birch forest 
Thelypteridi-Betuletum pubescentis (5.3%) are other communities that can be found there. 
The poorest habitats growing on sands are covered with pine forests: the subcontinental 
fresh coniferous forest Vaccinio vitis-idaeae-Pinetum, midland dry pine forests Cladonio-
Pinetum (3.8%), swampy coniferous forest Vaccinio uliginosi-Pinetum and raised-bog 
community Ledo-Sphagnetum magellanici (1.7%) (Kwiatkowski et al. 2009; Jaroszewicz 
2010). About 1500 species of Macromycetes fungi and about 240 species of lichens were 
found in BNP (Cieśliński 2009; Kujawa 2009). In 2008–2012, an inventory of polypore 
fungi was conducted in the BNP and 142 species were recorded (Niemelä 2013).
Karkonosze National Park (KNP) is a park in the Karkonosze Mountains in the Sudetes 
located in south-western Poland (50°73′59′′ – 50°84′10′′ N, 15°45′88′′ – 15°82′99′′ E), 
along the border with the Czech Republic in the highest part of the Sudetes (Fig. 1). In 
1992, KNP, together with the neighboring Czech Krkonoše National Park, became a part 
of the Krkonoše/Karkonosze biosphere reserve under UNESCO’s Man and the Biosphere 
(MaB) programme. Amidst the plant communities occurring in KNP there are, among oth-
ers: Central European oak-hornbeam forest Galio sylvatici-Carpinetum betuli and river-
ine alder forest Alnetum incane in foothill zone, acidophilic montane beech forest Luzulo 
luzuloidis-fagetum as well as lower mountain fir-spruce forest Abieti-Piceetum (montanum) 
in the lower mountain zone, and the upper mountain spruce forest (Calamagrostio villosae-
Piceetum) in the upper mountain zone. In the subalpine zone there are Sudety dwarf-pine 
thickets Pinetum mugo sudeticum and downy willow shrub Salicetum lapponum (Dan-
ielewicz et al. 2002). The diversification of KNP fauna is connected with the occurrence 
of vegetation floors of different climates, a diverse mosaic of plant communities and the 
exploitation of natural resources in the past. The specification of KNP fauna consists of 
relatively numerous occurrences of alpine and boreal-mountain species, almost a total lack 
of thermophilic species and a significant specificity in comparison to other Polish moun-
tains (Raj and Knapik 2014).
Due to the specifics of the research sites (forests in BNP and KNP are not replicated), 
the samples collected in each of the analyzed national parks may be considered as pseudor-
eplicates of one site.
Material collection
The fruiting bodies of F. pinicola were collected on 18 and 19 July 2014 at the KNP and 
between 4 and 9 August 2014 at the BNP. In total, 80 fruiting bodies at different degrees 
of decay were collected on both locations (40 in BNP and 40 in KNP). An axe was used 
to remove them from tree trunks. The fruiting bodies were collected from the trees where 
F. pinicola occurred most often in the studied location, i.e., Norway spruce, Picea abies, 
which is a common woody species in both parks. In order to reflect the specificity of the 
studied locations, the samples were taken randomly according to the diameter at breast 
height and the age of the trees. The fruiting bodies were collected from tree trunks at the 
height between 0 cm (ground level) to 210 cm above ground level, taking into considera-
tion their degree of decay (DD). A single fruiting body equals one sample.
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The classification of the DDs of the fruiting bodies used in this study is borrowed from 
Gdula et al. (2021) and, like the wood decay scales (e.g., Maser et al. 1978), it is based on 
the differences in the occurrence of various features in the substrate with a different degree 
of decay: DD 1 – Fruiting body with fresh hymenophore, without visible signs of decay; 
DD 2 – Fruiting body with dry hymenophore, without visible signs of decay; DD 3 – Fruit-
ing body with few traces of decomposition, e.g., single (up to 10) insect galleries; and DD 
4 – Fruiting body with numerous traces of decay, such as insect galleries, easily crumbles.
Laboratory procedures
In order to extract mesofauna from the bracket fungi they were placed for 72 h in Tullgren 
funnels. The collected mites were preserved in 70% ethanol, and divided into two taxo-
nomic groups: mesostigmatid and oribatid mites. In order to identify the Mesostigmata, 
semi-permanent (using lactic acid) and permanent (using Hoyers medium) microslides 
were prepared. All adult and immature mesostigmatid mite individuals were examined 
using light microscope (Zeiss Axioskope 2) and identified using taxonomical literature 
(e.g., Karg 1993; Mašán 2001; Gwiazdowicz 2007, 2010).
The Oribatida (adults and immature individuals) were identified with a light micro-
scope (Nikon Eclipse E600). Prior to the examination, the internal tissue had been removed 
using concentrated lactic acid, 60% lactic acid or lactophenol as a clearing agent, but with 
weakly sclerotized forms diluted lactic acid was also appropriate (Norton 1990). Oribatid 
mites were determined to the species level by following keys and original species descrip-
tions (Olszanowski 1996; Weigmann 2006; Niedbała 2008). Classification was according 
to Weigmann (2006).
The mites were classified only to the higher taxonomic units, e.g., genus, but in statisti-
cal analyses they were treated as separate species. All material was deposited in the acaro-
logical collection at the Department of Forest Pathology, Poznań University of Life Sci-
ences, Poland (Mesostigmata) and Institute of Biology, Biotechnology and Environmental 
Protection, University of Silesia, Poland (Oribatida).
Statistical analysis
The assessment of statistical significance of the examined factors was based on: raw data 
collected in the box-plot graphs, the level of significance (p-value) obtained using the 
Mann–Whitney test (when comparing two species) and Kruskal–Wallis test (to compare 
DDs). A horseshoe effect has not been observed in the analysed experiment; hence, the 
samples collected at BNP and KNP together with the samples belonging to each particu-
lar DD from each study site were compared using principal coordinate analysis (PCoA). 
Bray–Curtis dissimilarity matrix was adopted as the distance matrix for PCoA. The 
weights that were used were a sum of observations for each particular site and divided by 
the sum of all observations (the data before the statistical analysis have been transformed 
by adopting Wisconsin Double transformation). To present the deployment of the DDs and 
parks on the graph, the sum of observations for each particular DD and park was used, 
and community data were analysed by two-way permutational ANOVA. Indicator species 
analysis was used to provide specific species for each park and DD. Cluster analysis fol-
lowing the Ward method for Bray–Curtis dissimilarity matrix was used for the parks and 
DDs. Next, the PCoA analysis was performed separately for Mesostigmata and Oribatida 
mites, which was followed by the permutation test of species selection and is most strongly 
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correlated with PCoA1 and PCoA2 (multiple regression). This test pointed at the specific 
species for each given park. All testing was conducted at a significance level of 0.05. All 
analyses were conducted in the R environment using the procedures of the vegan package 
(Oksanen et al. 2019).
Results
Mite assemblages in the national parks
The total number of collected mite individuals in BNP was 4,345 (824 mesostigmatid and 
3,521 oribatid mites), and the total number of species was 120 (37 mesostigmatid species 
and 83 oribatid species). The number of mite individuals per sample was between 1 and 
622 (mean ± SE = 108.63 ± 22.63) – the number of Mesostigmata was between 0 and 101 
(20.60 ± 3.61), whereas the number of Oribatida was between 0 and 580 (88.03 ± 21.06). 
The number of mite species per sample was between 1 and 38 (9.63 ± 1.26); the number 
of Mesostigmata species was between 0 and 10 (3.18 ± 0.38), and Oribatida species was 
between 0 and 28 (6.45 ± 1.00). The most numerous mite species in BNP were: Carabodes 
femoralis (2766 individuals), Dendrolaelaps pini (268) and Carabodes subarcticus (261). 
Among the 10 most numerous mite species in BNP, eight (including D. pini, Hoploseius 
oblongus and Dinychus perforatus) belonged to the Mesostigmata and two (C. femoralis 
and C. subarcticus) belonged to Oribatida.
The total number of collected mite individuals in KNP was higher than in BNP – 13,912 
(956 mesostigmatid and 12,956 oribatid mites), and the total number of mite species was 
lower: 96 (34 mesostigmatid and 62 oribatid species). The number of mite individuals per 
sample was between 1 and 2056 (mean ± SE = 347.80 ± 62.94), the number of Mesostig-
mata was between 0 and 126 (23.90 ± 4.96), whereas the number of Oribatida was between 
0 and 2000 (323.90 ± 60.63). The number of mite species per sample was between 1 and 33 
(11.98 ± 0.89); the number of Mesostigmata species was between 0 and 10 (3.05 ± 0.35), 
and the number of Oribatida was between 0 and 25 (8.93 ± 0.68). The most numerous mite 
species in KNP were: Carabodes femoralis (10,622 individuals), Carabodes areolatus 
(1030) and Zerconopsis remiger (256). The total share of Mesostigmata among the most 
numerous species in KNP was lower than in BNP: only four out of the 10 most numerous 
species (among others Z. remiger, Hoploseius oblongus and Dendrolaelaps pini) belonged 
to the Mesostigmata, and six (such as C. femoralis, C. areolatus and Oribatella calcarata) 
belonged to the Oribatida (Fig. 2, 3, Online Appendix).
The fungi collected at BNP contained considerably fewer mite individuals than at KNP. 
However, there was not only a greater number of species in the BNP sample, but also a 
different species composition. At both studied locations, the same species occurred in high-
est numbers (Carabodes femoralis); nevertheless, there were considerably fewer individu-
als (2766) in the samples from BNP than from KNP (10,622). Moreover, the composi-
tion of dominant species in each of the analysed mite group (Mesostigmata, Oribatida) in 
both national parks differed from one another. For instance, some of the most numerous 
Mesostigmata in BNP (like Dendrolaelaps pini) were significantly less numerous in KNP 
and outnumbered other species from their group (e.g., Zerconopsis remiger), whereas ori-
batid species such as the third most numerous species in BNP, Carabodes subarcticus, did 
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not occur in KNP at all; Carabodes areolatus, the second most numerous species in KNP, 
occurred only rarely in the samples from BNP (Online Appendix).
The differences between the samples from the two national parks are emphasised by 
PCoA, for which the total Interia was 0.41. This indicated a clear grouping of the bracket 
fungi in each location into two corresponding sets, which only slightly overlap: the set of 
bracket fungi from KNP stretched along the lower values on the PCoA1 axis and the set of 
bracket fungi from BNP corresponded to higher values on PCoA1 axis (Fig. 4). Moreover, 
the permutation ANOVA indicated significant differences between the parks (p = 0.0001).
Does the degree of decay of the bracket fungi determine the nature of mite 
assemblages?
Significant differences were evident in BNP between the faunas inhabiting F. pinicola with 
different DD; however, there was no linear increase in the number of species and mite indi-
viduals as the decay of fruiting bodies increased. In the case of both the number of indi-
viduals and species, the lowest values were in the DD 2 samples, whereas the highest were 
in the DD 4 samples. In the least decayed fungi from KNP (DD 1), there were clearly fewer 
Fig. 2  Minimum, maximum and mean (± SE) number of mite individuals (Mesostigmata, Oribatida, total) 
per sample, in a Białowieża National Park and b Karkonosze National Park
Fig. 3  Minimum, maximum and mean (± SE) number of mite species (Mesostigmata, Oribatida, total) per 
sample, in a Białowieża National Park and b Karkonosze National Park
550 Experimental and Applied Acarology (2021) 84:543–564
1 3
mite individuals, the numbers were slightly higher for the DD 2 samples, whereas the high-
est numbers of individuals were in the DD 3 and 4 samples. The lowest species richness in 
KNP was also noted in the least decayed bracket fungi (DD 1); however, the highest num-
ber of species occurred in DD 3 (Fig. 5, 6, Table 1, 2).
Differences were also evident in species composition of the mite assemblages at each of 
the study sites depending on the DD. The most numerous species of mesostigmatid mites 
in the bracket fungi of DD 1 (BNP) was Hoploseius oblongus, a species rare in the more 
Fig. 4  Principal coordinate analysis (PCoA) of the samples belonging to BNP (Białowieża National Park) 
and KNP (Karkonosze National Park)
Fig. 5  Minimum, maximum and mean (± SE) number of mite individuals per sample, depending on four 
degrees of decay (DD 1–4; see Table 1 for explanation) in a Białowieża National Park and b Karkonosze 
National Park
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decayed bracket fungi. In the fruiting bodies from DD 2, 3, and 4, the most numerous spe-
cies was Carabodes femoralis. Differences were also evident among the most numerous 
species in each of DDs: in DD 1 bracket fungi only three out of 10 of the most recorded 
species belong to Mesostigmata, in DD 2 four species were mesostigmatid mites, whereas 
in DD 3 and 4 samples only six out of 10 of the most numerous species were Mesostigmata 
(Online Appendix).
The most numerous mite species in the samples of all DDs from KNP was Carabodes 
femoralis, but in the case of other species there were differences between the particular 
DDs. In the bracket fungi from DD 2, 3, and 4, the second most numerous species was 
Carabodes areolatus, which was considerably less frequent in the least decayed fungi. The 
second most numerous species in DD 1 was Hoploseius oblongus, which rarely occurred 
in the other DDs. In DD 1, nine out of 10 of the most numerous mite species was an Orib-
atida; among the 10 most numerous species in DD 2 bracket fungi, there were five species 
each of Mesostigmata and Oribatida. In DD 3 and 4, seven out of 10 most numerous mite 
species were Oribatida (Online Appendix).
The differences between the samples belonging to each particular DD group in the two 
parks were indicated by PCoA, whose total Inertia was 0.29. The analysis revealed that 
samples from particular study sites constituted concentrations which were dispersed to 
different degrees. In the case of bracket fungi from KNP, the set was less dispersed and 
matches the lower values on the PCoA1 axis, whereas the BNP set was more dispersed and 
shifted in the direction of higher values on the PCoA1 axis. The analysis also showed that 
the bracket fungi which were most similar were those from DD 3 and DD 4. Samples from 
DD 1 were further on the axis than others which signifies that they differ from the bracket 
fungi belonging to the higher DDs. PCoA also revealed some similarities in the manner 
of sample groupings in particular DDs in both parks; there was a trend in both KNP and 
BNP displaying that the least decayed bracket fungi, which differed from the samples of 
higher DDs, were located in the range of higher values on the PCoA2 axis. The bracket 
fungi from DD 3 and 4 in both study sites were similar to one another and group closely 
to the higher values on the axis (Fig. 7). The two-way permutational ANOVA (Table 3) 
of the community data (the assumption of homogeneity comparing groups was fulfilled; 
p = 0.050) also confirmed differentiation of the samples from BNP and KNP (p = 0.0001) 
and of the samples from various DDs (p = 0.0001). The interaction was significant as well 
Fig. 6  Minimum, maximum and mean (± SE) number of mite species per sample, depending on four 
degrees of decay (DD 1–4; see Table 1 for explanation) in a Białowieża National Park and b Karkonosze 
National Park
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Table 2  Mean number (± SE; ranges in parentheses) of mite species per sample depending on the study site 
(BNP – Białowieża National Park, KNP – Karkonosze National Park) and four degrees of decay (DD)
a See Table 1 for explanation
DDa
1 2 3 4
BNP Mesostigmata 2 ± 0.41 (1–3) 1.5 ± 0.43 (0–3) 2.18 ± 0.42 (0–4) 4.53 ± 0.62 (1–10)
Oribatida 7.5 ± 2.63 (0–12) 3.33 ± 0.71 (1–6) 3.82 ± 0.96 (0–11) 8.74 ± 1.8 (0–28)
Total 9.5 ± 3.01 (1–15) 4.83 ± 0.6 (3–6) 6 ± 1.28 (1–15) 13.26 ± 2.2 (3–38)
KNP Mesostigmata 1.45 ± 0.25 (0–3) 3.43 ± 1.19 (1–10) 3.91 ± 0.69 (0–8) 3.55 ± 0.56 (0–6)
Oribatida 6.45 ± 1.13 (0–13) 7.29 ± 1.41 (3–14) 11.27 ± 1.61 (6–25) 10.09 ± 0.68 (7–13)
Total 7.91 ± 1.22 (1–14) 10.71 ± 2.33 (5–24) 15.18 ± 1.92 (10–33) 13.64 ± 0.93 (9–17)
Fig. 7  Principal coordinates analysis (PCoA) of the samples belonging to four degrees of decay (DD 1–4) 
in Białowieża National Park (BNP) and Karkonosze National Park (KNP)
Table 3  Permutational analysis 
of variance of the community 
data collected from two study 
sites (BNP – Białowieża National 
Park, KNP – Karkonosze 
National Park) and four degrees 
of decay (DD)
Factor df SS MS F p
Study site (KNP, BNP) 1 3.3416 3.3416 10.8674 0.0010
DD 3 2.0303 0.6768 2.2009 0.0010
Study site * DD 3 1.2715 0.4238 0.04418 0.017
Residuals 72 22.1391 0.3075
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(p = 0.017); therefore, the indicator species analysis was performed for parks and for DDs 
separately in each park. Twenty-nine selected species separated the two parks (p = 0.05). 
For KNP they were: Carabodes areolatus, Zerconopsis remiger, Chamobates borealis, 
Cepheus dentatus, Oribatella calcarata, Scheloribates pallidulus, Phthiracarus longulus, 
Dendrolaelaps cornutus, Carabodes femoralis, Zercon storkani, Trachytes aegrota, Stegan-
acarus (Atropacarus) striculus, Lasioseius zerconoides, Parasitidae, Oribatella quadricor-
nuta, Carabodes reticulatus, Liebstadia pannonica, Carabodes tenuis, Pergamasus sp.; for 
BNP they were: Carabodes subarcticus, Zercon curiosus, Trichouropoda ovalis, Chamo-
bates cuspidatus, Damaeus sp., Dinychus perforatus, Sejus togatus, Microgynium rectan-
gulatum, Dendrolaelaps pini, Dinychus arcuatus. Six species were selected in KNP. The 
DDs differed regarding five species: in DD 1, there were two indicator species: Hoploseius 
oblongus, and Scheloribates pallidulus; DD 2 also had two indicator species Lasioseius 
ometes and Thenargamasus sp.; in DD 4 one species was selected, namely Parasitidae. 
Cepheus cepheiformis was related to two groups: DD 3 and 4. The analysis conducted in 
BPN selected four indicator species, with Parachipteria punctata and Lagenobates lagenu-
lus for DD 1, Dinychus perforatus for DD 4 and Hoploseius oblongus for DD 1 and 2.
Cluster analysis (Ward method) from Bray–Curtis dissimilarity matrix led to similar 
grouping of the bracket fungi as that based on PCoA. The most similar bracket fungi from 
BNP belonging to DD 3 and 4 constituted a cluster, to which the bracket fungi from DD 
2 and 1 could be added provided they came from the same park. A separate cluster was 
created out of bracket fungi from KNP, among which the DD 3 and 4 bracket fungi were 
characterised by the greatest similarity, to which bracket fungi from DD 2 and fungi from 
DD 1 could be added (Fig. 8).
A separate analysis of the Mesostigmata and the Oribatida revealed similar trends, and 
confirmed the differences between the fruiting bodies belonging to various DDs in both 
locations. In the case of the mean number of individuals and the mean number of species 
for a single bracket fungus in BNP, in each DD oribatid mites outnumbered mesostigmatid 
mites. Only the samples for DD 1 were an exception as there were more Mesostigmata 
than Oribatida (mean ± SE = 21.25 ± 5.33 vs. 18.25 ± 6.3 per sample). However, there were 
Fig. 8  Cluster analysis (Ward method) of four degrees of decay (DD 1–4) in Białowieża National Park 
(BNP) and Karkonosze National Park (KNP)
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more individuals and species of Oribatida in the samples from KNP in all DDs (Table 1, 
2).
The differences between the samples belonging to particular DDs and parks were also 
indicated by PCoA (Fig.  9), separately for oribatid and mesostigmatid mites. The mite 
groups could be distinguished between the study sites. The permutational test of species 
selection, which is most strongly correlated with PCoA1 and PCoA2 (multiple regression), 
was conducted. The test allowed to indicate the species typical for each of the parks and 
DD for the two groups of mites separately. For Oribatida the typical species for BNP were 
(Fig. 9, Table 4): Carabodes subarcticus, Damaeus sp., Chamobates cuspidatus, and Para-
chipteria punctata. For KNP they were: Carabodes areolatus, Chamobates borealis, Sch-
eloribates pallidulus, Cepheus dentatus, Belba corynopus, Carabodes labyrinthicus, and 
Carabodes reticulatus. Both Carabodes coriaceus and Carabodes femoralis occurred in 
great numbers in both study sites. For Mesostigmata the typical species for BNP were: 
Dendrolaelaps pini, Trichouropoda ovalis, Sejus togatus, and Zercon curiosus. And for 
KNP they were: Zercon storkani, Zerconopsis remiger, Lasioseius zerconoides, and Den-
drolaelaps cornutus.
Discussion
Rarely studies were undertaken to indicate and define the factors, that influence the shape 
of invertebrate assemblages inhabiting the fruiting bodies of bracket fungi. Previous stud-
ies have been primarily faunistic, focusing on, e.g., insects (Jonsell and Nordlander 2004), 
spiders (Pielou and Pielou 1968) or mites (Gwiazdowicz and Łakomy 2002; Hågvar and 
Steen 2013).
Mite assemblages
Anthropogenic pressure can have a strong and negative impact on the forest environ-
ment, which naturally also affects mite communities, e.g., soil Uropodina or Oribatida 
(Błoszyk 1999; Klimek and Rolbiecki 2014). The BNP is an example of an ecosystem with 
a unique natural structure (Faliński 1986), a large variety of habitats and microhabitats, 
which is reflected in species richness, also of mites (e.g., Olszanowski and Błoszyk 1998; 
Fig. 9  Principal coordinates analysis (PCoA) of the significant species and samples belonging to four 
degrees of decay (DD 1–4) in Białowieża National Park (B) and Karkonosze National Park (K). a Oribatida 
(total Inertia 0.3946), b Mesostigmata (total Inertia 0.4420)
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Gwiazdowicz 2000). However, the forests of the Karkonosze Mountains have been marked 
by a strong human pressure (e.g., deformation of the structure of stands, degradation of the 
soil environment, toxic emissions). The current study demonstrates the differences between 
mite groupings in fruiting bodies of F. pinicola in forests similar to the natural forest of 
BNP and the ecosystems of KNP which were subjected to a strong anthropogenic impact. 
The parks differed in species composition. Despite a lower number of mite individuals, 
BNP samples were richer in species. Differences between the parks are apparent not only 
in terms of species presence or absence, but also in the proportions in which particular spe-
cies occur – for example, Carabodes subarcticus, the third most numerous species in BNP, 
did not occur in KNP; or Carabodes areolatus, the second most numerous of the mites in 
KNP, was much less numerous than in BNP. Among the possible explanations of faunal 
differences among the parks could be the diverse specificity resulting from their lowland 
or mountain character, but also a different level of diversity of habitats and microhabitats, 
resulting from, e.g., human pressure.
The influence of the degree of decay of fruiting bodies on mite assemblages
Our hypothesis that mite groupings would differ among fruiting bodies in various DDs was 
supported – the least decayed samples were characterised by lower species richness and 
mite individuals than the more decayed samples. The increase in the number of species and 
individuals with the degree of decay of fruiting bodies was non-linear. Particular mite spe-
cies are characterized by different microhabitat preferences, the scale of tolerance and their 
requirements (Wehner et al. 2016). Some species occurred with a similar frequency regard-
less of the DD of fruiting bodies, but many species clearly preferred the fruiting bodies 
with a specific DD. As an example, Hoploseius oblongus was definitely the most abundant 
in the fruiting bodies of DD 1 in both parks, whereas Carabodes femoralis occurred most 
frequently in the more decayed samples (DD 3 and 4) in both study sites.
The differences between the mite fauna inhabiting the variously decayed fruiting bodies 
may result from differences in conditions (e.g., food availability) between the substrates. 
For instance, fresh fruiting bodies (DD 1) can create favourable conditions for presum-
ably fungivorous Hoploseius mites (Lindquist 1965) or strongly decomposed fruiting bod-
ies (DD 3 and 4) can be a substrate for saprotrophic fungi, which are part of the diet of such 
species as Carabodes femoralis (Schneider et al. 2005).
Our results can be compared to the results obtained in a similar microhabitat such as 
decaying wood. Similar to our results, Braccia and Batzer (2001), Skubała and Sokołowska 
(2006) and Gwiazdowicz et al. (2011) – looking at groupings in various phases of wood 
decay – found that with the greater decay of substrate, the species richness of inhabiting 
invertebrates usually increases. These authors attributed differences in the fauna to differ-
ent characteristics of the substrate, e.g., moisture, density, or food resources, which can 
also be noted in fungal fruiting bodies.
Species ecology
The mite species which occurred in the fruiting bodies of bracket fungi were also observed 
in other microhabitats, such as decaying wood or bark beetle galleries. However, among 
the mites appearing in the fruiting bodies of polypores a large percentage (up to 25%) of 
species inhabited this microhabitat exclusively (Salmane and Brumelis 2010). Consistent 
with the findings of Gdula et al. (2021), a significantly greater number of Oribatida (both 
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species and individuals) than Mesostigmata was found. Also in other publications (e.g., 
Maraun et al. 2014), a significant share of oribatid mites in the invertebrate fauna of fun-
gal fruiting bodies was shown, particularly of Carabodes spp. This genus is a dominant 
element of the fauna in other habitats as well, such as soil, bark of trees, and wood (Siira-
Pietikäinen et  al. 2008; Huhta et  al. 2012; Hågvar and Steen 2013). Carabodes species 
are often common and numerous in similar habitats, such as soil and rotting wood (Sch-
neider et al. 2005; Skubała and Sokołowska 2006), as well as on a wide range of consum-
able materials, such as the spores of many fungal species, or plant material (Maraun et al. 
1998).
Mesostigmata are thought to use phoresy to colonize fruiting bodies (e.g., Błoszyk et al. 
2006; Napierała and Błoszyk 2013). However, as these mites are mostly predators and 
occasional scavengers, some studies (Beaulieu 2012) suggest that some free-living preda-
tory mites may be saproxylic, which may also be important in the case of microhabitat 
settlements similar to dead wood, such as bracket fungi. The most numerous species of 
Mesostigmata, Dendrolaelaps pini, was also found in fruiting bodies (Gdula et al. 2021), 
decayed wood (Gwiazdowicz et  al. 2011), Ips typographus galleries (Salavatulin et  al. 
2018), in pine stumps and under the wing covers of Hylurgus ligniperda and Hylastes sp. 
(Hirschmann and Wiśniewski 1982). Another mesostigmatid mite species found in large 
numbers in these studies was Hoploseius oblongus, which had been previously described 
only in sporophores of F. pinicola in Slovakia (Mašán and Halliday 2016), and in fungal 
fruiting bodies in Poland (Gdula et al. 2021). Zerconopsis remiger, another abundant mes-
ostigmatid mite found in sporocarps, was also extracted from soil (Manu et al. 2016; Kar-
ami et al. 2017), litter under Populus sp. (Salmane 2005), from starling nests (Sturnus vul-
garis; Lesna et al. 2009), and in wood material, decaying organic material and from humus 
(Kalúz and Fenďa 2005). The most numerous mesostigmatid genus was Dendrolaelaps, 
represented by 12 species; they were also recorded in various habitats, such as Aphyllopho-
rales fungi (e.g., D. acornutus, D. cornutulus, D. punctatulus), tree-hollows (D. tenuipilus, 
D. zwoelferi), or soil (D. trapezoides) (Salmane 2005; Salmane and Kontschan 2005; Kac-
zmarek et al. 2011).
In both studied locations, the most numerous mite species was Carabodes femoralis. 
This mycophagous species (Schneider et al. 2005) is known from sporocarps (Hågvar et al. 
2014) and is also found in litter, which combines patchily distributed microhabitats that 
are inhabited by specialised species groups (Wehner et al. 2016) with soil (e.g., Błoszyk 
and Olszanowski 1997; Seniczak et al. 2006; Manu and Honciuc 2010), nests of Formica 
rufa ants (Sell 1990), cave mud, deadwood, leaves and guano (Maślak and Barczyk 2011). 
In addition, Carabodes areolatus – a species categorised as secondary decomposer (Nae 
et al. 2021) – was found not only in polypores (Hågvar and Steen 2013; Hågvar et al. 2014; 
Maraun et al. 2014), but also in soil (Błoszyk and Olszanowski 1997; Lebedeva and Krivo-
lutsky 2003), feathers of hooded crow (Corvus corone cornix), magpie (Pica pica) and 
rook (Corvus frugilegus) (Krivolutsky and Lebedeva 2004). The third most numerous ori-
batid mite in the study – Carabodes subarcticus – was also found in such microhabitats 
as soil (e.g., Kagainis et  al. 2010, 2015; Hågvar et  al. 2014), touchwood, moss-covered 
branches (Żbikowska-Zdun et al. 2006) and bark of deadwood (Bluhm et al. 2015). The 
next species in terms of numbers was Oribatella calcarata which is ascribed to various 
trophic levels (Nae et al. 2021) and is known to inhabit such habitats as soil, cave mud, 
dead wood, leaves, and guano in the caves (Niedbała and Rohloff 1971; Maślak and Barc-
zyk 2011).
Although some oribatid species reached high numbers, such as C. femoralis and C. are-
olatus, the vast majority were represented by only a few, or even a single individual and it 
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could have been found in fruiting bodies by accident, passing by while moving along a tree 
trunk or in the litter. Some of the recorded Oribatida species, such as Nothrus silvestris, 
Steganacarus (Steganacarus) magnus, or Damaeus (Paradamaeus) clavipes, can be con-
sidered as fungivorous (Maraun et al. 2011), hence, they can use bracket fungi as a source 
of food. The hypotheses from Wehner et al. (2016), which were analysed in the context of 
oribatid mites occurring in the litter, may also be valuable for a better understanding of the 
formation of mite assemblages in fruiting bodies. Despite the differences between litter and 
fruiting bodies, some similarities potentially shape their fauna. Although oribatid mites are 
generally small, wingless and not highly dispersive, it has been shown that they can move 
using a variety of mechanisms, such as cursorial, active, or accidental transport and phor-
esy (Norton 1980; Krivolutsky and Lebedeva, 2004; Beaulieu et  al. 2006; Ermilov and 
Frolov 2019), which enables them to successfully colonize the fruiting bodies of bracket 
fungi. Further research into the colonising mechanisms and the role of phoresy will help 
understand the diversity of mite assemblages in sporophores.
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